The ability to detect an object depends on the contrast between the object and its background. Despite this, many models of visual search rely solely on the properties of target and distractors, and do not take the background into account. Yet, both target and distractors have their individual contrasts with the background. These contrasts generally differ, because the target and distractors are different in at least one feature. Therefore, background is likely to play an important role in visual search. In three experiments we manipulated the properties of the background (luminance, orientation and spatial frequency, respectively) while keeping the target and distractors constant. In the first experiment, in which target and distractors had a different luminance, changing the background luminance had an extensive effect on search times. When background luminance was in between that of the target and distractors, search times were always short. Interestingly, when the background was darker than both the target and the distractors, search times were much longer than when the background was lighter. Manipulating orientation and spatial frequency of the background, on the other hand, resulted in search times that were longest for small target-background differences. Thus, background plays an important role in search. This role depends on the individual contrast of both target and distractors with the background and the type of feature contrast (luminance, orientation or spatial frequency).
Introduction
The time it takes to find an object is the topic of many studies on visual search (for an overview see: Wolfe & Horowitz, 2004 ). An often-made distinction is between efficient and inefficient search. Search is considered efficient when an increase in the number of distractors in a display does not lead to an increase in search times. On the other hand, search is considered inefficient when search times do rise when more distractors are present (at least 10 ms per additional distractor; Wolfe, 1998) . Models of search efficiency generally take into account the properties of target and distractors. Nevertheless, a third factor, the background, is also an inherent part of a search display. Despite the many studies showing that background plays an important role in the discriminability of individual objects (e.g. Krauskopf & Gegenfurtner, 1992) , models of search efficiency generally do not take background into account.
A possible reason for this can be that background may be considered a neutral factor in most tasks. However, there are at least two issues with this reasoning. First, we do not know what constitutes neutral. It might, for instance, be tempting to assume that a mid-gray background is neutral with respect to black and white search elements, yet research on brightness (perceived luminance) shows that luminance increments appear brighter than luminance decrements, regardless of the absolute luminance (for demonstrations see Kingdom, 2003) . This does not necessarily mean that background luminance also influences search times, but it does emphasize the influence of the background on the perceived contrast of individual elements. Second, and probably more important, is that in daily life backgrounds are rarely neutral. For instance, when we are looking for our keys and scanning the coffee table, it is highly unlikely that other objects on the table have the exact same luminance, color and orientation contrasts with the texture of the table as our keys do.
Although the role of background has not been studied extensively in visual search for long, the trend has changed during the last decade. In a visual search study by Wolfe et al. (2002) the addition of heterogeneous backgrounds led to increases in search times, but had little influence on search efficiency (i.e. search slopes did not change, but the intercept rose). Efficiency was only affected negatively when target and background were nearly identical. The Wolfe et al. study is extensive in the sense that it covers a wide variety of heterogeneous backgrounds in several domains. However, it does not account for the possibility that the target and distractors have different contrasts with the background. In a study evaluating the effect of camouflage, the difference between target and background, specifically, was manipulated (Neider & Zelinsky, 2006) . Target-background similarity was varied by creating backgrounds based on patches of the target object. Findings on search efficiency were similar to those of the Wolfe et al. study. Furthermore, evaluation of oculomotor selection showed a bias towards conspicuous distracting objects, rather than to patches of the background. However, while this demonstrated what happens when a target disappears into the background, it leaves more systematic questions on the influence of background on visual search unanswered. Rosenholtz, Nagy, and Bell (2004) investigated the influence of the background on a color search asymmetry. They found that switching from an achromatic to a chromatic background could reverse a search asymmetry when the distinction between target and distractors was a difference in saturation. The Rosenholtz et al. study systematically varied the nature of the uniform background, while leaving the target and distractors unchanged. However, only chromatic and achromatic backgrounds were compared and the polarity of target and distractor was always the same, i.e. target and distractor were both either more or less saturated than the background.
The present literature lacks a fundamental study in which the nature of the background is systematically varied. Here, we have set out to address this issue. Several factors can play a role in determining the influence of the background. When one considers the effect background has on the detection of the target, naturally, any background similar to the target is expected to decrease search performance, as the target tends to disappear into the background (Neider & Zelinsky, 2006; Wolfe et al., 2002) . When one considers the effect of background on distractors a similar argument can be made: when the difference between distractors and background is too small the distractors will become indistinguishable from the background. In this case localizing the target will be limited to the detection of the only element that can still be discriminated from the background, resulting in very short search times. An additional role of the background has been proposed by Rosenholtz (2001) , who suggested the background serves as a kind of distractor. This rationale implies that a background that differs from distractors creates a more heterogeneous set of search elements and therefore search times will increase.
Combining the previous findings mentioned above, the general hypothesis we can derive is that lowering target-background contrast will increase search times, while lowering distractor-background contrast will decrease search times. To test this general hypothesis we performed three experiments in which background luminance (Experiment 1), orientation (Experiment 2) and spatial frequency (Experiment 3) were separately manipulated. In each experiment the properties of target and distractor were held constant while only the background was changed. Studying the influence of the background in several feature domains allows us to distinguish a more general influence of background from the possible feature specific influences on search performance.
Experiment 1
Given that the effects of luminance on perception are extensive (for a recent review see Kingdom, 2011) , background luminance could have a large impact on performance in search as well. Thus we first set out to investigate the influence of background luminance on search times. Background luminance was varied in seven steps while keeping the target luminance and distractor luminance constant. Background luminance values were selected in a manner that the background could be darker, lighter or in between the target and distractor luminance. Since Rosenholtz, Nagy, and Bell (2004) have demonstrated that search asymmetries may depend on the combination of the properties of target, distractors and background, two conditions were included: the lighter condition, where the target was lighter than the distractors and the darker condition, where the target was darker than the distractors.
Methods

Observers
Eight observers participated in the experiment. All observers had normal or corrected to normal vision and ranged in age from 21 to 45 years. Two observers, IH and JV, are authors of this paper and other observers were naive as to the goal of the experiment. Observers either worked or studied at Utrecht University and participated on a voluntary basis.
Apparatus and stimuli
All displays consisted of 100 search elements placed on an invisible rectangular grid on a uniform background (examples can be found in Fig. 1 ). Ninety-nine of these elements (filled circles with a radius of 0.69°) were distractors and one was the target. Elements were separated by a spacing of 2.65°(center-to-center), and randomly jittered (irregularly varied from their grid position) in both the vertical and horizontal direction by a maximum of 30% of the distance between the elements. The target was always located at a distance of 11.4°(with slight variations over trials due to the jitter mentioned above) from the central fixation dot at one of 8 potential locations. These locations were divided equally with two in each corner of the screen.
1 By keeping eccentricity constant, variations in conspicuity will mainly be the result of background manipulations. Moreover, within a large array of elements a conspicuous target can always be found quickly, but search performance will quickly deteriorate when conspicuity of the element decreases.
In the lighter condition the target was lighter than the distractors. The target luminance was set to $75 cd/m 2 and distractor luminance to $25 cd/m 2 . In the darker condition the target luminance was set to $25 cd/m 2 and the distractor luminance to The stimuli were generated using Matlab on an Apple Macintosh G5 and displayed on a, linearized with respect to luminance, LaCie 22
00 CRT monitor at a resolution of 1600 by 1200 pixels and at a refresh rate of 75 Hz.
Eye movement analysis
Eye movements were recorded using an SR-Research EyeLink II system at a frequency of 500 Hz. The observer's head was placed in a chinrest at a distance of 64 cm from the screen. Images were viewed binocularly, but eye movements were recorded from the left eye only. Eye movement data were collected for off-line analysis. Saccades were detected at a velocity of 20 deg/s, after which start and endpoint were found by searching back and forth until the velocity was two standard deviations higher than the velocity during fixation (as in Smeets & Hooge, 2003) . Saccades with amplitudes smaller than 1°were removed from the analysis. If a small saccade was removed, fixations before and after this saccade were added together. Finally, fixation durations shorter than 50 ms were discarded from further analysis.
Procedure
Observers were set up with the EyeLink and asked to find the deviating element as fast as possible. They were also instructed that the target was located near one of the four corners of the grid. Each trial started with a central fixation dot, placed on a uniform background that had the same luminance as the background of the upcoming trial. Trials were self-paced: observers started a trial by pressing the space bar after which the stimulus appeared following a stimulus onset asynchrony of 250-750 ms. Observers indicated having found the target by pressing the 'zero key' on the numerical keypad. To reduce the effect of after-images on the upcoming trial, at the end of each trial a gray screen ($50 cd/m 2 ) was presented for 500 ms. Both the lighter and the darker condition included 50 trials for each of the seven possible background luminance values, for a total of 350 trials per target-distractor condition. These trials were presented in a randomized order. The two conditions were presented in blocked order (counter-balanced) and a break of at least 5 min between these two conditions was included.
Results
Search times
In Fig. 2 the search times are plotted as a function of background luminance. A repeated measures ANOVA with Greenhouse-Geisser correction was performed on the search time data from both the lighter and darker condition, separately. It demonstrated that search times differed significantly as a function of background in both the darker (F(1.404, 9.829) = 96.460, p < 0.001) and the lighter condition (F(1.531, 10.716) = 21.589, p < 0.001). Pairwise comparisons (Bonferroni corrected) were included to allow us to distinguish significant differences between the various background conditions. Most interestingly, rather than search times being longest for a small target-background difference, in the darker condition, the longest search times were found for a black background (significant for all comparisons, p < 0.01). In the lighter condition, the longest search times were also found for the black background, significantly longer than all other backgrounds except for a background just lighter than the target (i.e. luminance value of 86 cd/m 2 ). While search times do increase for some background values close to that of the target, this does not hold for background luminance values in-between that of the target and distractor. Throughout both conditions, background luminance values between that of the target and distractor consistently lead to short search times. For instance, in the lighter condition search times for backgrounds between the target and distractor were significantly shorter than search times for a background luminance close to the target, but lighter than both (always p < 0.01). Note, this even holds when the background luminance is close to the target luminance.
Search times around 500 ms generally indicate that the target could be detected during the first fixation. The ability to find the target within a single eye movement does not necessarily indicate that the target can always be resolved equally fast. To evaluate smaller variations in target detection we also look at saccade latencies.
Saccade latencies
In Fig. 3 the latencies of the initial saccade are presented to evaluate variations in the reactions of observers that cannot be found in search times. Repeated measures ANOVA were performed for both conditions, separately, revealing latencies were significantly different depending on background luminance in both the darker (F(1.310, 9.172) = 43.943, p < 0.001) as well as in the lighter condition (F(2.354, 16.477) = 45.489, p < 0.001).
In contrast to search times, latencies do vary when the background luminance lies between that of the target and distractors. In the lighter condition ( Therefore, the increase in latencies suggests that for a small target-background difference, detection of the target takes longer than when the target has a greater contrast with the background. Latency differences in the order of several tens of milliseconds of course cannot account for the large increases search times on a darker background. The increase in search times can be explained by saccades that are initiated even though no target has been detected yet. This becomes apparent when inspecting the proportion of initial saccades correctly initiated towards the target (Fig. 4) . Again repeated measures ANOVA's were ran for both conditions, separately. Significant differences in proportion correct were obtained for both conditions (darker: F(1.486, 10.399) = 138.543, p < 0.001; lighter: F(2.453, 17.168) = 24.502, p < 0.001). Follow-up pairwise comparisons show that the proportion of saccades correctly initiated towards the target location are lowest for backgrounds darker than both target and distractors in the darker condition (p < 0.001 comparing proportion correct for darker backgrounds with any other background). Similarly, in the lighter condition, the steep increase in search times for a black background and a background just lighter than the target are underlined by significantly less saccades being initiated toward the target for these backgrounds, than for background luminance values between the target and distractor values (p < 0.05 in all respective comparisons).
Discussion
We expected search times to increase as the target-background difference decreases. While we do see such a pattern arise this does not occur when the background polarizes the target and distractors, i.e. the sign of target contrast and distractor contrast are opposite (one has a positive contrast while another has a negative contrast). Still, the target-background difference by itself is not the most important factor determining search times. Rather, the background luminance appears to influence the perceptual difference between target and distractors.
In both the darker and the lighter condition, search is fast when the background luminance lies between the luminance of target and distractors, and thus polarizes the contrast of the two. This corresponds to previous findings showing that contrast polarity allows for efficient search (e.g. Theeuwes & Kooi, 1994) . The current data show that this is even the case when the difference between target and background is small. Still, a small increase in initial saccade latencies is found when the difference between background luminance and target luminance is small, but this does not translate into significant increases in search times. Interestingly, lowering the background luminance to where it becomes darker than both target and distractors causes large increases in search times. This effect is strongest in the darker condition, where search times for a black background were significantly longer than for any other background. Moreover, evaluating saccadic selection reveals that while almost half of the first eye movements land near the target in the lighter condition, hardly any of the first eye movements land near the target in the darker condition. It appears that on a dark background, peripheral information simply does not reveal the location of the target in this darker condition. As the perceptual difference between the target and distractors becomes negligible due to the luminance of the background, only thorough inspection reveals which element is the target. Therefore, the magnitude of the target-background difference alone is insufficient to explain the above effects. The changes in perceptual difference between target and distractors as a result of background manipulations also have to be taken into account. Whether the current results can be generalized to other feature types, or whether such findings are specific to luminance is the focus of the next experiment.
Experiment 2
While the luminance of the target and the distractors is kept constant, their appearance relies heavily on the luminance of the background. The previous experiment suggests that in case of manipulations of background luminance, the decreased perceptual differences between target and distractors can cause even larger increases in search times than decreased target-background differences. However, many other features are used to distinguish a target from distractors throughout search studies. Contrasts do not have a similarly large influence on the appearance of elements in all different feature domains. To investigate whether the effects of manipulating background luminance can be generalized to other feature domains, in the current experiment we manipulate background orientation.
Methods
Stimulus
The configuration of the stimulus is similar to the previous experiment. 100 elements, of which one deviating element is the target, are placed on a rectangular grid (at a spacing of 2.53°). The target is again placed on an imaginary circle (radius 10.9°) near one of the corners of the grid. The main differences are in the element and background properties. The background now consists of an oriented sine wave grating (3.0 cycles/deg at 70% Michelson contrast) that covers the entire screen. The search elements used are Gabors (3.0 cycles/deg at 66% Michelson contrast). On our linearized screen the average luminance of these gratings was approximately 50 cd/m 2 . Rather than superimposing the elements on the background, apertures in the background grating are created with a diameter of 1°. Element size was increased compared to Experiment 1 as the detection of peripheral orientations requires larger elements than luminance detection. Gabors are drawn into these apertures, clearly distinguishing them from the background. Cutouts of the displays containing both target and a number of distractors are displayed in Fig. 5 .
Again, there are two conditions. In the vertical condition the target is oriented vertically and all distractors are tilted 30°clockwise. In the oblique condition the orientations of target and distractors are reversed: i.e. the distractors are oriented vertically and the target is tilted 30°clockwise. The background is varied in steps of 10°r anging from 20°counterclockwise to 50°clockwise, excluding the target and distractor orientations. The possible background orientations are therefore À20°, À10°, +10°, +20°, +40°or +50°.
Observers
Eight observers from the same pool as the previous experiment participated. JV is also an author of this paper.
Procedure
Procedure was the same as in Experiment 1 with the exception that there no longer was a gray mask at the end of each trial, as the specific purpose of the gray mask was to counter luminance after effects. 
Results and discussion
Search times are plotted in Fig. 6 . Repeated measures ANOVA's were performed on both the vertical and oblique condition, separately. Search times differed significantly for background orientation variations in the vertical (F(1.403, 9.824) = 15.957, p < 0.005) and oblique condition (F(1.364, 9.549) = 37.455, p < 0.001). Again pairwise comparisons (Bonferroni corrected) were performed in order to investigate significant differences between specific background orientations.
In contrast to Experiment 1 here a smaller target-background difference appeared to be the main factor increasing search times. That is, in the vertical condition search times were longer for background orientations close to the target than for background orientations close to that of the distractor. This was underlined by significantly longer search times for a background orientation of À10°compared to an orientation of 40°(p < 0.05) as well as for a background orientation of À20°compared to a background orientation of 40°(p < 0.05). Furthermore trends in search times were found comparing backgrounds of À10°with 20°(p < 0.1) and À10°and 50°(p < 0.1). In the oblique condition search times were significantly longer for background orientations close to the target compared to background orientations close to the distractor. For instance, search times for a background orientation of 40°(close to the target) are significantly longer than any other background orientation (p < 0.01, all cases).
Interestingly, as was true for luminance, search times are longest for small target-background differences when the target orientation falls between the background and distractor orientation. When comparing search times for backgrounds at equal orientation difference with the target, they are significantly shorter when the background orientation lies in between that of the target and distractor orientation on several occasions. In the vertical condition, for instance, search times were significantly longer for a background orientation of À20°compared to 20°(p < 0.05) and in the oblique condition search times were significantly longer for a background orientation of 40°, compared to a background oriented 20°(p < 0.005). Increased search times for target orientations between that of the background and distractors are in line with the suggestion of Rosenholtz (2001) that background may serve as an additional distractor. Moreover, a large target-background difference leads to short search times regardless of distractor-background difference.
The current data clearly differ from those of Experiment 1. Whereas in the case of luminance a greater difference between background and search elements can increase search times, here a greater difference between target and background always leads to shorter search times. Therefore, in contrast to luminance, target-background difference appears to be the main factor determining search times.
However, we also find that when the orientation of the background lies in between that of the target and distractor orientation, for equal orientation differences, search times are shorter than when the background orientation lies outside this range. This difference in search times could be a result of the influence of the background on the perception of the target and distractor orientation. That is: when the background orientation lies in between the target and distractor they appear to be tilted away from the background and as a result the difference in perceived angle becomes larger than the physical difference. When the background orientation lays just outside this range the target and distractor will appear to be tilted in the same direction, hence, not influencing the perceived difference between the two. Yet, clearly any perceptual modulation of orientations by background does not lead to such extensive modulations in search times as in the luminance domain. To investigate whether background luminance is indeed a special case among the different features we manipulate the spatial frequency of the background in Experiment 3.
Experiment 3
Whereas in the luminance experiment decreased perceptual differences between target and distractors cause the largest increase in search times, in the orientation experiment decreased targetbackground differences cause the largest increase in search times. To investigate whether the influence of the background differs for each feature, or the general hypothesis should only be rejected for manipulations of background luminance, in this final experiment we manipulate the spatial frequency of the background. Like orientation, spatial frequency is often used to create a distinction between target and distractors.
Methods
The methods are similar to those in Experiment 2. Differences are outlined below.
Stimulus
The stimulus was designed following the same rules as in Experiment 2. Only now the distinction between target, distractors and background lies within the spatial frequency domain. Target and distractors are again Gabors drawn into apertures in the background, now with a diameter of 1.4°. This was an adaption compared to Experiment 2, but necessary due to the inclusion of lower spatial frequencies, which require a greater aperture to convey. Cutouts of the displays containing both target and surrounding distractors are displayed in Fig. 7 .
In the low spatial frequency (lsf) condition, the target (a Gabor) had a spatial frequency of 2.65 cycles/deg (Michelson contrast $98%) and the distractors were Gabors with a higher spatial frequency of 4.34 cycles/deg (Michelson contrast $98%). In the high spatial frequency (hsf) condition this was reversed: the target had a spatial frequency of 4.34 cycles/deg and distractors had a spatial frequency of 2.65 cycles/deg. The background grating was set at 100% Michelson contrast, and seven different spatial frequencies (1.74, 2.17, 3.04, 3.47, 3.91, 4.77 or 5.21 cycles/deg) were used. Finally, in each individual trial the target, distractors and background all had the same orientation; this orientation was randomly varied throughout trials over a range from 0°to 90°. This was included as the repeated viewing of the same orientation could lead to strong adaptation effects.
Observers
Eight observers from the same pool as in the previous experiments participated in this experiment.
Results and discussion
Repeated measures ANOVA's were performed and demonstrated that for both conditions search times varied significantly as a function of the background frequency (lsf condition: F(1.605, 11.232 ) = 48.909, p < 0.001 and hsf condition: F(1.276, 8.931) = 20.740, p < 0.005). Pairwise comparisons (Bonferroni corrected) were included to evaluate search time differences between specific background orientations. In Fig. 8 the search times are plotted as a function of the spatial frequency of the background. It shows that search times are longest when the spatial frequency of the background is close to the spatial frequency of the target. In the lsf condition this is underlined by search times being significantly longer for background frequencies close to the target (2.17 and 3.04 cycles/ deg) compared to those close to the distractor frequency (3.91 and 4.77 cycles/deg) (p < 0.001 all cases). Similarly in the hsf condition this is underlined by search times being significantly longer for background frequencies close to the higher frequency target (3.91 and 4.77 cycles/deg) compared to background frequencies close to the distractor frequency, now 2.17 and 3.04 cycles/deg (p < 0.05, all cases).
As holds for luminance and orientation variations of the background, in the lsf condition the longest search times are found when the target frequency lies between the background and distractor Fig. 7 . Cutouts for the spatial frequency experiment. Cutouts of search displays containing the target in the center for the low spatial frequency (lsf) condition (left column) and the high spatial frequency (hsf) condition (right column). In the experiment seven different background spatial frequencies were used. Here in each column we have displayed the lowest background frequency (A) and the highest background frequency (B).
frequency. Search times were significantly longer for a background frequency of 2.17 cycles/deg compared to a background frequency of 3.04 cycles/deg (p < 0.05) and, similarly, search times for a background frequencies of 1.74 cycles/deg were significantly longer than for a background of 3.47 cycles/deg (p < 0.05). In the hsf condition such comparisons did not reach significance. This is potentially a result of varying the background frequency in absolute steps in terms of cycles per degree. Therefore, relative differences in the higher spatial frequency backgrounds are smaller compared to differences in lower spatial frequency backgrounds.
While the search times in the current experiment are similar to those of the orientation experiment one difference does stand out: When the target-background difference increases, search times do not decrease as quickly. This difference between the orientation and spatial frequency experiment could be due to the chosen range of background values. It is very well possible that steps of 10°in the orientation experiment have a larger effect than the steps of 0.435 cycles/deg in the spatial frequency experiment. Thus, if we would have used larger background steps in the spatial frequency experiment the same pattern as in the orientation experiment might have been obtained.
General discussion
Our aim was to investigate the fundamental aspects of the nature of the background in visual search. We performed three experiments in which the background was manipulated within a single feature domain, while keeping the physical properties of target and distractors constant.
In Experiment 1, manipulation of the background luminance strongly influenced search performance. Although reducing the target-background contrast did deteriorate search performance, the notion that decreased target-background contrast would be the only factor negatively influencing search times was not upheld. Most notably, backgrounds darker than both target and distractors caused search times to increase dramatically, despite large luminance differences between target, distractors and background, simultaneously. This contrasted sharply with gray backgrounds, which polarized targets and distractors: such backgrounds consistently led to short search times, even when the target-background difference was small. Therefore, the hypothesis that decreased target-background contrast and increased distractor-background contrast lead to increases in search times is by itself insufficient to explain the current findings. For this, the influence of background on the perception of target and distractors needs to be taken into account.
While the large influence of background is rarely discussed in the context of visual search, in many models of brightness (luminance perception) the background is an important parameter. In such models background is often used as an anchor (e.g. Bressan, 2006; Gilchrist et al., 1999) , i.e. a base factor used in the computation of the brightness of all other values. There is still an ongoing discussion pertaining these models (e.g. Howe et al., 2007) , however, for simple patch-surround stimuli an intimate logarithmic relationship between brightness and contrast has been demonstrated. This logarithmic relationship entails that sizable differences between patches with large background contrasts can still result in limited brightness differences. In Experiment 1 the contrasts of target and distractors with the black background are larger than for any other background condition, hence, resulting in a limited difference in brightness between the two. This small perceptual difference can help explain why search times increase rapidly for darker backgrounds. As search performance appears to depend on the perceptual, rather than physical contrast between target and distractors, visual search models can be improved upon by relying on perceptual inputs. The log W function (Whittle, 1994) , that captures the relation between brightness and contrast, can be used to enhance performance of existing models of visual search.
In Experiment 2, background orientation was manipulated, which impacted search performance in a different manner than background luminance. Here, in line with our hypothesis, a decrease in target-background contrast did cause the greatest increase in search times. Interestingly, search times peaked for a background orientation close to that of the target, specifically when the target had an orientation lying between that of the background and that of the distractors. A background orientation close to that of the distractors does not appear to enhance search performance. In Experiment 3 the spatial frequency of the background was manipulated. Although the results were similar to those of the orientation experiment, there was one notable difference. When the orientation of the target lies between those of the background and the distractors, search times quickly decrease when the background orientation moves farther away from the target orientation. In the spatial frequency experiment this does not hold. When the spatial frequency of the target lies between that of the background and the distractors, a larger target-background difference only leads to negligible decreases in search times.
In Experiment 2 and 3 decreasing the difference between target and background caused systematic decreases in search performance. This aspect of search has been noted before (e.g. Wolfe et al., 2002) . The role of distractors, on the other hand, seems more limited, as a smaller difference between distractors and background hardly decreases search times. The limited enhancement of search performance for a small distractor-background difference is not surprising as a target differing from distractors on a single feature is often found quickly, regardless of the presence of numerous distractors. In general, therefore, the results from the orientation and spatial frequency experiment appear to be in line with our expectations.
Overall, we see a recurring phenomenon where search times are longer when the target property lies between that of the background and distractors (e.g. search is faster when the target is darker than both the distractors and background, compared to when its luminance lies between that of the distractors and background). Previously, it has been shown that search performance in a color search task can be predicted using the location of targets and distractors in color space (D'Zmura, 1991) . D'Zmura's study demonstrated that search performance for a colored target depended on whether the target color could be separated from distractor colors by a single (linear) boundary within the color space (extensively tested in Bauer, Jolicoeur, & Cowan, 1996) . When a single boundary separated the target from distractor colors the target would popout, but when multiple boundaries were necessary to separate target color from distractor color, search times increased. Predictions in line with the current findings can be obtained if one includes not just the value of the distractors, but also the value of the background property in this space. When the target position cannot be separated on the basis of a single boundary from both distractors and background (e.g. dark background in the darker condition) search performance is worse than when a single boundary can be drawn between target and both distractors and background (for instance, a mid-gray background in the darker condition).
Including the background as an extra type of distractor has been incorporated in the saliency model proposed by Rosenholtz (1999) . In Rosenholtz, Nagy, and Bell (2004) the predictions of this model were evaluated and they demonstrated that the model can account for the reversal of a color search asymmetry by switching from an achromatic background to a chromatic background. However, Rosenholtz's saliency model does not account for the large variations over different features. Including a metric to estimate perceptual contrasts, as mentioned above, could potentially remedy this shortcoming. To some extent the recently introduced target acquisition model (Zelinsky, 2008 ) also makes a similar prediction. As the model is image based it does not distinguish between objects and backgrounds. Hence, background properties similar to the target can also attract eye movements.
In an attempt to move from laboratory search tasks to real world tasks Wolfe et al. (2002) introduced heterogeneous backgrounds. They found that the addition of a heterogeneous background did increase search times, but did not affect search efficiency (i.e. search slopes did not change, but the intercept rose). On the basis of their results they reasoned that background impairs effective segmentation (distinction of objects from the background). That is, on heterogeneous backgrounds the segmentation process may result in less conspicuous objects that are harder to identify. However, even though the backgrounds included much of the complexities in backgrounds from daily life, the scenes created did not reflect the fact that, in search in daily life, target and distractors often have different contrasts with the background. Our findings emphasize that background has a much more extensive influence on search times. Although we did not measure search efficiency directly, the steep increases in search times for a dark background are unlikely to merely be a reflection of a rise in intercept. In our experiment observers know that the target is confined to specific locations on the grid, yet often required serial scanning to find it.
The implications of the current findings are not limited to studies focusing on the influence of background. Many studies have used luminance differences to distinguish target from distractors. The current findings demonstrate caution is required when generalizing findings based on a single luminance manipulation to the entire luminance domain. For instance, the statement that a luminance singleton attracts attention (Turatto & Galfano, 2000) clearly will not hold for many luminance combinations. Also, a reference to luminance as underlying efficient search (as in Wang, Kristjansson, & Nakayama, 2005) appears to be an overstatement: even though this may be true for the distinction made in luminance polarity, this does not hold for many luminance combinations. The current findings also show that the search asymmetry reported in Braun (1994) , where a bright element is found faster among darker elements than among lighter elements, only holds when background luminance is darker than the luminance of both target and distractors. Our data show that the asymmetry reverses when the background is lighter than target and distractors (although this asymmetry is not nearly as strong).
In daily-life situations the contrast between objects and background is not restricted to a single feature domain. To generalize experimental findings to daily life, it is important that the current work is extended to how the combination of contrasts between background and search elements of different features influences search performance. Nevertheless, the current findings can already be related to important daily-life tasks. For instance, when we consider a doctor searching an X-ray for anomalies, the finding that luminance differences on a black background are hard to distinguish implies the current circumstances are far from optimal.
Conclusion
The current findings emphasize that, besides the properties of the target and distractors, properties of the background are important in visual search. The hypothesis that decreased target-background contrast and increased distractor-background contrast lead to increases in search times is insufficient to explain the current findings. In order to account for the current findings the effect of the background on the perceived difference between target and distractors needs to be taken into account. Thus not only is background an important factor in visual search, but its roll depends on the feature domain in which the contrast is created.
